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Available online 27 September 2014AbstractObjectives: The aim of the present study was to test the following hypotheses: 1. In-vitro repeated bleaching by low hydrogen
peroxide (HP) regimens eat 2-month interval- will affect enamel hardness and composition. 2. The use of MI Paste Plus, GC Co.
(MIPP) during bleaching treatments will reduce these possible enamel changes.
Methods: Two 14-day bleaching regimens; 1 h/day of 10% carbamide peroxide (CP) gel; Opalescence PF (OpPF) and 30 min/day
of 9.5% HP strips; Crest Whitestrips Advanced Seal (CWAS) were evaluated. Each bleaching regimen was applied on enamel three
times, separated by 2 months of artificial saliva with or without MIPP regimen. Surface treatment groups (n ¼ 10/group) included:
(1) Artificial saliva (control) (2) OpPF, (3) CWAS (4) OpPF-MIPP, and (5) CWAS-MIPP. Vicker Hardness (VH) was repeatedly
measured for all groups; at baseline and after 2, 12 and 22 weeks (after each bleaching treatment). The final enamel surface of each
group was chemically analyzed using Fourier Transform Infrared Spectroscopy (FTIR).
Results: The median VHs (Kg/mm2) were: (1) 310, 312, 330, 343; (2) 299, 272, 283, 264; (3) 320, 277, 271, 255; (4) 300, 311, 304,
316, and (5) 305, 315, 309, 320, respectively. Friedman repeated measures ANOVA on ranks (Dunnett method) indicated that
enamel VHwas significantly reduced after the third OpPF treatment and after the second and third CWAS treatments.Within OpPF-
TMP and CWAS-TMP groups, no significant differences were found among VHs measured at different time intervals (p < 0.05).
FTIR of the final enamel surfaces revealed decreased phosphate group intensity; enamel mineral content, for all groups except
OpPF-MIPP group where its intensity increased.
Significance: Repeating of low HP bleaching regimens e at short intervals e may reduce enamel hardness and mineral content.
Daily over-night use of MIPP may preserve enamel hardness and mineral content only if the OpPF regimen is used.
© 2014, Production and Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
Keywords: Enamel hardness; FTIR; Low hydrogen peroxide bleaching; MI paste plus
Open access under CC BY-NC-ND license.* Corresponding author. Faculty of Dentistry, Tanta University, Egypt.
E-mail address: abo_hamarse@yahoo.com (S.E. Abo-Hamar).
Peer review under the responsibility of the Faculty of Dentistry, Tanta University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.tdj.2014.06.007
1687-8574/© 2014, Production and Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
Open access under CC BY-NC-ND license.
115S.E. Abo-Hamar, W.M. Etman / Tanta Dental Journal 11 (2014) 114e1211. Introduction
Dental bleaching is based on penetration of
hydrogen peroxide (HP) inside enamel and dentin [1].
It has the ability to whiten intrinsically discolored
teeth with less destruction than any full or partial
prosthetic restoration. Nowadays, due to the increased
esthetic desire at almost all age groups, dental
bleaching has been extended from mild-to-moderate
discoloration cases especially with the availability of
low cost, easy application of at-home bleaching
products [2].
At-home bleaching regimens (3e10% HP) may be
generally safer than in-office bleaching regimens
(15e38% HP) [3,4]. Low HP dentist prescribed
regimen of 10% carbamide peroxide; CP (~3.35% HP)
gel at only 1 h/day for 14 days was recommended due
to its safety [1,4e6] and is typically used for mild-to-
moderate discolorations. In addition, the whitening
strips (9.5% HP at 0.5 h/day) that may be easier to use
and at the same time efficient [2], might also provide
sufficient safety for enamel [6,7]. Adjunct enamel
remineralization may be additionally performed by
fluoride [8e10] or Casien Phosphopeptide Amorphous
Calcium Phosphate (CPP-ACP) [11e14]. Casein
Phosphopeptide-Amorphous Calcium Phosphate Fluo-
ride; CPP-ACPF, MI Paste Plus, GC Co., [15], may
also provide higher remineralization potential for
enamel than each one alone.
However, color regression may occur with time
leading to periodic repeating of bleaching treatment
[16] that may negatively affect enamel in long term.
An overall color regression of nearly 65% after 6
weeks [17], 50% after 6 months [18] and e in case of
night-guard bleaching e 37% after 3 years have
occurred [19]. Bleaching did not cause any clinically
visible enamel damage [1], however it has been proved
that it could reduce its inorganic [20] and alter its
organic contents [1]. In literatures, enamel hardness
was found to be either reduced [3,8e11,21] or not
affected [6,7,22] that may be due to the different tested
bleaching regimens and testing protocols. Fourier
Transform Infrared spectroscopy (FTIR) was also
found to be an accurate method for qualitative and
semi-quantitative analysis of both enamel [23,24] and
dentin [25]. Therefore, the aim of the present study
was to test the effect of bleaching by low hydrogen
peroxide (HP) regimens e at 2-month interval e on
enamel composition and hardness in vitro. 2. The ef-
fect of MI Paste Plus, GC Co. (MIPP) use during
bleaching treatments on these possible enamel
changes.2. Materials and methods
Fifty non carious human third molars were collected,
cleaned and stored indistilledwater at 4 C[26]. The roots
were removed andmoist cotton pelletswere put inside the
pulp chambers to avoid drying out of the crowns. Then,
the crowns were horizontally embedded in chemically
cured acrylic resin (Sampl Kwick, Buehler, Lake Bluff,
III, USA) except the lower lingual surfaces that were kept
exposed to be -later on- chemically analyzed. The upper
buccal surfaces were ground flat with a series of SiC-
papers ending with 1200 grit used on a polisher (Poli-
met, Buehler) to obtain flat surfaces of about 5 mm in
diameter. Finally, they were polished with a 0.3-mm
alumina suspension. These procedures were conducted to
form parallel planar surfaces for the Vicker hardness test.
Two bleaching regimens were tested; 1. 1 h/day for
2 weeks of Opalescence PF (OpPF), fluoride-
containing 10% CP gel. 2. 30 min/day for 2 weeks of
Crest Whitestrips Advanced Seal (CWAS), 9.5% HP
(Table 1). The fifty enamel specimens were divided
into 5 groups of 10 specimens each (Fig. 1):
Group 1 (control): The specimens were stored in
artificial saliva (Table 1) at 37 C for 5 months and 2
weeks (total period of the experiment). The storage
medium was renewed every 48 h [18].
Group 2: The buccal surfaces of the specimens were
bleached with OpPF regimen (Table 2) for three times
separated by 2 months period of storage in artificial
saliva at 37 C.
Group 3: The buccal surfaces of the specimens were
bleached with CWAS regimen (Table 2) for three times
separated by 2 months period of storage in artificial
saliva at 37 C.
Group 4 (OpPF-MIPP): As group 2, with daily over-
night (8 h) application of GC MI Paste Plus (MIPP)
(Table 1) during the 2-week bleaching treatment.
Group 5 (CWAS-MIPP): As group 3, with daily
over-night application of MIPP during the 2-week
bleaching treatment.
In both regimens, buccal enamel surfaces were
bleached for the prescribed time at 37 C and 100%
relative humidity and immersed in artificial saliva at
37 C for the remaining of the day. About 1-mm thick
layer of OpPF bleaching gel was applied on enamel
surface using circular clear acrylic plate with 1 mm
stopped margins. After the bleaching process, bleaching
agents were removed using wet cotton pellets under
running water, then dried with cotton pellets and re-
immersed in artificial saliva.
Concerning the application of MIPP, it was applied
on the buccal surfaces at night every day e during the
Table 1
Materials information for bleaching procedures.
Material Chemical compositiona
Opalescence PF 10%, (T081)b 10% Carbamide peroxide, Potassium nitrate 0.5% w/w, Sodium fluoride 0.25% w/w (1100 ppm F),
pH: ~6.5. Non-medicinal ingredients: Carbomer, flavor, glycerine, polyethylene Glycol, sodium
hydroxide, water (20%), xylitol, Edetate disodium.
Crest Whitestrips Advanced Sealc,
(9037BT33)
9.5% hydrogen peroxide (pH: 5)
GC MI Paste Plus, (1107261)d CPP-ACP; Casein Phosphopeptide-Amorphous Calcium Phosphate, Sodium fluoride 0.2% w/w
(900 ppm), Pure water, Glycerol, D-sorbitol, CMC-Na, Propylene glycol, Silicon dioxide, Titanium
dioxide, Xylitol, Phosphoric acid, Flavoring, Ethyl-, Propyl- and Butyl- p-hydroxybenzoate
Artificial saliva 0.7 mmol/l CaCl2, 0.2 mmol/l MgCl2, 4 mmol/l KH2PO4, 30 mmol/l KCl and 20 mmol/l HEPES (N-
2-hydroxyethylpiperazine-N0-20ethane sulfonic acid, pH: 7)
a Chemical compositions were supplied from the manuals of the manufacturers: Opalescence ® Tooth Whitening Systems, Copyright 2009
Ultradent Products, Inc., CrestWhitestrips Advanced Seal Material Safety Data Sheet, Procter&Gamble and GCMI Paste Plus, Copyright 2008 GC
Corporation.
b Ultradent Products, South Jordan, USA (Batch numbers are in parentheses).
c Procter & Gamble, Cincinnati OH, USA.
d GC Corporation, Tokyo, Japan.
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relative humidity. Then, it was partly removed by cotton
pellet, simulating the clinical conditions, and the speci-
mens were re-immersed in artificial saliva. After 2 h, AS
was refreshed to simulate the very low salivary flow rate
at night. In the morning (after a total of 8 h), any
remaining MIPP was removed using cotton pellets under
running water, then the enamel specimens were dried
with cotton pellets and re-immersed in fresh artificial
saliva.
Vicker hardness (VH) of the buccal surfaces was
measured for all groups at baseline (before bleaching) and
after 2, 12 and 22 weeks representing the time just after
each bleaching treatment (Fig. 1) using Vickers hardness
tester (Shimadzu, HMV-2000, Japan). Each enamel
specimenwasfixed in thedevice in suchaway that the test
surfacewasperpendicular to themicro-indenter tip. Three
indentations (2 Kg load for 20 s), 1000 mm away from the
margin and equally spaced by about 100 mm, were taken.
The two diagonals of each indentation were measured
under light microscope (40 fold magnification) and VH
was calculated. Then, the mean VH value of three in-
dentations was recorded and each enamel specimen was
numbered for future reference.
Median and 25%e75% quartiles were calculated
from the measurements of each group. Friedman
repeated measures ANOVA on Ranks, Dunnett's
method1 was used for testing the effect of repeated
bleaching on enamel hardness in comparison to base-
line (p < 0.05). ManneWhitneyeWilcoxon rank sum
test was used for comparison between VHs of all tested
groups versus the control group at each measurement
interval (p < 0.05).
1 PCþ, version 17, SPSS, Chicago, III., USA.After the three bleaching treatments of the enamel
specimens, three specimens of each group were
chemically analyzed by FTIR. For each specimen,
equal weights (0.01 g) were measured from the buccal
and lingual surfaces from the superficial 100e200 mm
layer. The enamel was ground and mixed with 0.2 g
KBr and the spectra were recorded using FTIR spec-
trometer, Burker Tensor 27, UK, in the range from 400
to 4000 cm1 at 4 cm1 resolution. This was done to
compare the spectrum of the buccal treated surface
with that of the lingual control surface by superimpo-
sition of the buccal and lingual enamel spectra.
3. Results
The median VH values -with the corresponding
25%e75% quartiles- of enamel at baseline and after 2,
12 and 22 weeks in all groups and the statistical analysis
are shown in Table 3. Significant differences were found
among VH values measured at different time intervals
within each of the following groups: Artificial saliva
(p ¼ 0.001), OpPF (p ¼ 0.002) and CWAS (p ¼ 0.003).
No significant differences were found among VH values
measured at different time intervals within OpPF-MIPP
and CWAS-MIPP groups. As shown in Table 3, in
comparison to baseline, VH was significantly decreased
after the third OpPF treatment and after both the second
and third CWAS treatments. On the other hand, VH was
significantly increased after storage in artificial saliva for
12 or 22 weeks.
In comparison to the artificial saliva group (control),
VHs of OpPF e or CWAS bleached enamel was
significantly lower than those stored in artificial saliva
Fig. 1. Flow chart of the experimental methods. *OpPF: Opalescence PF 10% CP, **CWAS: Crest Whitestrips Advanced Seal 9.5% HP. # FTIR:
Fourier Transform Infrared spectroscopy.
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MIPP bleached enamel were not significantly
different from those of the AS group at each mea-
surement interval (Table 3).
The IR spectra of each group are shown in Fig. 2.
For each group, one coupled buccal and lingual spectra
is shown in Fig. 2. The three coupled spectra of the
three specimens of each group were highly similar to
each other. The FTIR spectra showed the characteristic
bands of PO4
3  (at 1090e1034, 959, and
Table 2
Tested bleaching regimens.
(OpPF) regimen (CWAS) regimen
1 h/day for 2 weeks of
Opalescence PF 10%
(10% carbamide peroxide)
30 min/day for 2 weeks
of Crest Whitestrips Advanced
Seal (9.5% hydrogen peroxide)600e500 cm1), and carbonate bands at 1547, 1461,
1415, and 874 cm1. Phosphate group is good indi-
cator for the degree of mineralization [23].
As shown in Fig. 2, there was a decrease in the
mineral content of the buccal enamel surface in both
OpPF and CWAS groups. When MIPP was used during
the CWAS bleaching, the buccal enamel mineral con-
tent was still lower than that of the lingual control. On
the other hand, the use of MIPP with OpPF resulted in
increase in the mineral content even more than that of
the lingual surface.
4. Discussion
The present study showed a significant enamel VH
reduction after three times of OpPF regimen bleaching
and after two and three times of CWAS bleaching,
Table 3
Vicker Hardness (VH) of enamel after repeated bleaching treatments (BTs) with and without MI Paste Plus (MIPP).
Experimental groups Median enamel VH values (25%e75% quartiles):
At baseline After 2 weeks/1st BT After 12 weeks/2nd BT After 22 weeks/3rd BT
(1) Artificial saliva 310 (294,337)A 312 (290,341)A,a 330 (310,357)B,c 343 (320,375)B,e
(2) OpPF* 299 (290,340)A 272 (253,300)A,b 283 (240,291)A,d 264 (240,274)B,f
(3) CWAS** 320 (300,348)A 277 (247,310)A,a 271 (208,284)B,d 255 (208,264)B,f
(4) OpPF þ MIPP 300 (284,320)A 311 (284, 335)A,a 304 (295, 345)A,c 316 (299, 341)A,g
(5) CWAS þ MIPP 305 (286,350)A 315 (296, 340)A,a 309 (290, 351)A,c 320 (290, 335)A,g
ASignificant differences between enamel VH measurements of each group (baseline versus those after 2, 12 or 22 weeks) are indicated by different
capital letters.
aSignificant differences between VH measurements of the artificial saliva group (control) at each VH measurement interval (after 2, 12 and 22
weeks) versus their correspondings in the other groups are indicated by different small letters.
*OpPF: Opalescence PF 10% CP, **CWAS: Crest Whitestrips Advanced Seal 9.5% HP.
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was used during the repeated bleaching. However, the
mineral content that was decreased after repeated
bleaching could not be restored by the use of MIPP
with CWAS. In the present study, artificial saliva was
used alone during the day-time because the reminer-
alizing artificial saliva may simulate good oral hygiene
in which, tooth paste use may override the deminer-
alizing effect of food/drinks over the day-time. The
complicated oral conditions could not be exactly
simulated. In the present study, the time interval/period
between bleaching treatments was 2 months that may
not represent the actual average period [12e14]. ISO-
standard No. 29022 (2013) stated 6 months as a
maximum period for extracted teeth use [26] and
hence, the total test period of the present study was
adjusted to be 5 months and 2 weeks. In addition, the
design of the present study could evidence the accu-
mulative demineralizing effect of repeated bleaching.
Surface hardness measurement was appropriate for
enamel evaluation because it could determine small
changes in superficial enamel following erosive chal-
lenges and it was also positively correlated to the lost
minerals [3,10,27]. In addition, it is relatively simple,
non-destructive and rapid method.
The results of the present study showed that one
bleaching treatment by OpPF regimen (10% CP, 1 h/
day for 14 days) or by CWAS (9.5% HP, 30 min/day
for 14 days) did not significantly decrease enamel VH.
This may be due to the balance between demineral-
ization and remineralization that was performed by
artificial saliva [6,11]. This can be evidenced, in the
present study, by the significantly lower VHs of enamel
treated by OpPF or CWAS than those treated by arti-
ficial saliva at 12 and 22 weeks. The results of the
present study are in agreement with literatures [5e7].
It was found that with artificial saliva immersionmedium, 10% CP gel 1 h/day for 21 days did not
significantly affect enamel hardness [6]. In vivo, no
enamel morphological alterations were detected after
application of 10% CP at 2e3 h/day for 28e33 days
[5]. In contrast, when physiological saline was used as
immersion medium, distinct morphological changes
and demineralization of enamel surface were found
after 8 min of daily application of 16% CP for 7 days
[20]. For whitening strips literatures [7,21], artificial
saliva was always used as immersion medium and it
was found that 6.5% HP strips (1 h/day for 21 days) did
not significantly affect enamel surface or subsurface
hardness [7]. In contrast, 5.9% HP strips (1 h/day for
14 days) significantly reduced enamel hardness, how-
ever it was recovered after 6 weeks of storage in arti-
ficial saliva [21].
In the present study, after 2-month interval of stor-
age in artificial saliva, the second OpPF treatment did
not significantly decrease enamel VH, whereas the
second CWAS treatment significantly decreased it,
which may emphasize that 2 months period of artificial
saliva may be insufficient to totally remineralize
enamel and the second CWAS bleaching increased the
mineral loss leading to significant VH reduction [10].
This is in contrast to literature that found that 14 days
of saliva could restore enamel hardness after bleaching
[6,8,11,22]. However, in these studies, bleaching was
not repeated after the post-bleaching period. The total
amount of HP in the two tested agents may be similar
because the thickness of OpPF gel (about 3.35% HP)
and its application time were more than those of
CWAS (9.5% HP). However, the fluoride content of
OpPF might both reduce the demineralizing effect
[9,10] and accelerate enamel remineralization in the 2-
months storage in artificial saliva [8]. In addition, it
had nearly neutral pH (6.5), compared to the CWAS
PH (5). Furthermore, it may be speculated that the
Fig. 2. FTIR spectra of different groups. For each group, the buccal bleached enamel was compared to the lingual unbleached enamel (c trol). The enamel characteristic phosphate bands (at
1090e1034, 959, and 600e500 cm1) is good indicator for the degree of mineralization. a) CWAS bleached enamel vs. unbleached ena el (control). b) MIPP þ CWAS bleached enamel vs.
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transformation of CP into HP) compared to that of
CWAS might produce less mineral loss [28].
The results of the present study showed that the
third repeated bleaching by CWAS or OpPF caused a
significant enamel VH reduction. These results were in
line with the FTIR results that indicated decreased
mineral content after the third bleaching treatment.
This may be clearly explained by the accumulative
demineralizing effect of repeated bleaching. FTIR was
previously used by Wang et al. [24] that found that
remineralization of demineralized dentin could in-
crease the intensity of phosphate region of enamel. In
addition, Bistey et al. [25], found that bleaching could
distort the phosphate region of enamel.
In the present study, when MIPP (CPP-
ACPþ900 ppm flouride) was used during repeated
bleaching by either OpPF or CWAS, no significant
reduction in enamel VH occurred. However, IR spectra
showed improved mineral content of enamel in case of
OpPF only. CPP-ACP could localize calcium and
phosphate ions at the OpPF-bleached enamel surface
and the addition of flouride might enhance its reminer-
alization [15]. In addition, over-night application might
provide sufficient period for enamel remineralization
and daily application may prevent daily accumulative
demineralization that might increase the demineraliza-
tion depth. It has been reported that shallow deminer-
alized enamel areas remineralize faster than deep ones
[29]. In literature, it was found that daily use of MIPP
during in-office bleaching resulted in a significant in-
crease in enamel hardness that could not be achieved by
daily flouride use [14]. When CPP-ACP was added into
in-office [12] or night-guard bleaching agents [13], teeth
sensitivity [12,13] and enamel morphology [12] were
significantly improved.
In the present study, although enamel hardness was
improved in CWAS-MIPP group, itsmineral content was
still decreased. This might be explained by the reminer-
alization of only the upper surface of enamel, whereas its
subsurface layer was still demineralized. In literature,
MIPP addition to an at-home bleaching agent could
decrease enamel surface roughness, but could not
improve enamel hardness [11]. It is worthy to mention
thate beside the remineralizing agent useeminimizing
discoloration recurrence and hence the number of
repeated bleaching over life may be essential, especially
due the probable unsolved problem of enamel organic
matrix deterioration [1]. Minimizing discoloration
recurrence may be simply accomplished by more
frequent and regular tooth brushing (3e5 times/day)with
less consumption of colored drinks.5. Conclusions
Within the limitations of the current study, it may be
concluded that repeating of low HP bleaching regimens
may gradually reduce enamel hardness and mineral
content. Opalescence PF (10%CP, 1 h/day) may be safer
than CrestWhitestrips Advanced Seal (9.5%HP, 30min/
day), since daily over-night use ofGCMIPaste Plusmay
restore the mineral content and hardness of enamel.
Further confirmatory in-situ studies may be needed.
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